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ABSTRACT 


Thin  report  presents  supersonic  mgnt  data  rrom  an 
instrumented  B-58A  and  F-105D  aircraft.  These  data  comprise 
supersonic  Mach  number,  altitude  and  recorded  and  predicted 
temperatures  at  various  wing  and  fuselage  stations.  Data 
presentation  is  in  the  form  of  curves,  plots  and  tables  vith 
pertinent  descriptive  information.  These  findings  are 
presented  herein  to  provide  a  basis  for  extending  the  state- 
of-the-art  in  structural  design  criteria  for  current  and 
future  flight  vehicles. 
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SECTION  I 


INTBODUCTION 

The  progreaa ireiy  increasing  flight  sp«eu>  of  consecutive 
generations  USAF  military  aircraft  result  in  correspondingly 
increasing  temperature*  on  the  aircraft  surface  and  subsequently 
on  the  interior  structure.  This  heating  of  the  airframe  during 
high  speed  flight  through  the  atmosphere  is  termed  aerodynamic 
heating.  Aerodynamic  heating  poses  serious  problems  to  the 
structural  designer  of  supersonic  and  hypersonic  flight  vehicles 
since,  high  temperatures  In  the  airframe  adversely  affect  the 
response  of  the  structure  to  static  and  dynamic  loads.  Conse¬ 
quently,  standard  methods  of  stress  analysis,  design  procedures 
and  practices,  materials  selection,  etc.  must  be  modified  to 
Include  thermal  effects.  Therefore,  it  is  relevant  to  investi¬ 
gate  procedures  for  predicting  airframe  temperatures  and  actual 
recorded  airframe  temperatures  obtained  during  high  speed  flight 

It  is  the  purpose  of  this  report  to  present,  primarily, 
temperature  data  from  high  speed  flights  of  the  B-58A  and  F-105D 
aircraft  and  aa  available  compare  these  data  vlth  predicted 
values.  This  presentation  of  actual  and  predicted  data  is 
intended  to  verify  current  temperature  prediction  techniques. 
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or  as  required,  be  useful  for  modifying  or  developing  new 
prediction  techniques.  In  addition,  the  tabulation  of  recorded 
temperature  data  at  specific  Mach  numbers  is  expected  to  enhance 
the  development  of  structural  design  criteria  for  current  and 
future  flight  vehicles. 

These  two  diverse  types  of  aircraft  (B-5&A  and  P-105D)  are 
included  within  the  scope  of  this  report  because  of  near  identi¬ 
cal  Mach  number  and  altitude  ranges  and  that  actual  flight 
temperature  data  were  available  from  each  aircraft.  The  B-58A 
aircraft  was  deslgnsd  and  fabricated  by  the  Convalr  Division 
of  Oeneral  Dynamics  Corporation,  Port  Worth,  Texas.  The  P-105D 
aircraft  was  designed  and  fabricated  by  the  Republic  Aviation 
Corporation,  Parmingdale,  Hew  York.  Additional  airplane  descrip¬ 
tive  information  is  contained  in  Section  2.2  "Weapon  Systems" 
of  this  report. 
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OB>r«i*Tf\W  TT 


DISCUSSION 


2.1  Purpose 

The  B-58A  and  F-105D  aircraft  temperature  loads  surveys 
vere  conducted  to  measure  structural  temperatures  during  steady- 
state  and  transient  maneuvers  for  comparison  vlth  predicted 
and  design  temperatures  and  for  investigation  of  any  unknown 
critical  temperature  that  might  be  Incurred  during  critical 
design  flight  conditions. 

2.2  Weapon  Systems 

2.2.1  B-58A  Aircraft  Information 

B-58A  airplane  number  U,  *J8AF  8/N  55-663,  vas  employed 
to  conduct  a  structural  temperature  survey.  This  test  aircraft 
vas  structurally  similar  to  production  aircraft  except,  as 
modified  to  allow  for  test  instrumentation  or  non-availabllity 
of  standard  parts  at  the  time  of  fabrication.  The  airplane 
vas  equipped  with  an  Interim  fuel  system  and  J79-1  engines  in 
lieu  of  the  non-avallable  J79-5  engines.  Major  structural 
deviations  Included:  modified  wing  leading  edge  removable 
panels,  single  sheet  construction  fin  leading  edge  and  dorsal 
fairing,  single  sheet  construction  nacelle  strut  leading  edge, 
open  construction  nacelle  panels  and  modified  inboard  naeelle 
pylon  plate.  These  structural  deviations  and  the  incomplete 
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flight  load*  survey  sad*  it  mandatory  to  raatriet  the  Unit 
load  factor  to  fiO  percent  of  daalen  for  ♦.»><■  *»■  + 

The  B-58A  aircraft,  illustrated  in  figure  1,  la  a  four 
engine,  delta  wing,  air  refuelahle  medium  bonher.  It  cruiaea 
aubaonically  but  it  capable  of  low  altitude  supersoni;  dashes 
up  to  Mach  2.0.  It  consists  of  the  prlaazy  aircraft  known  aa 
the  "return  component"  and  a  "detachable  pod"  which  haa  pro- 
vialons  for  a  special  store  and  fuel.  The  combination  of  the 
"return  component”  and  the  "detachable  pod”  la  referred  to  as 
the  "composite  aircraft."  The  fuaelage  la  area-rule  designed. 
The  aircraft  has  a  full  cantilever  mldwing  with  a  modified 
delta  design  and  a  conical  cambered  leading  edge.  All  of  the 
wing  skin  material  Is  2*»8-T86.  Panels  3,  5,  6  and  7  have 
aluminum  honeycomb  cores,  all  others  have  fiberglass  honeycomb 
cores.  Skin  thicknesses  are  shown  In  Table  3. 

The  four  Oeneral  Electric  engines  equipped  with  after¬ 
burners  are  mounted  on  separate  pylons  attached  to  the  under¬ 
side  of  the  wing.  The  aircrew  consists  of  a  pilot,  navigator 
and  a  defense  systems  operator  seated  in  tandem  cockpits. 
Design  weights  and  load  factors  are  shown  in  Table  1. 


Figure  1.  B-58A  Aircraft  with  Thermocouple  Locations 


Table  1 


Design  Weight*  and  Load  Factors,  B-58A 

Design  Limit  Operational 


Loading 

Founds 

Load 

Factor 

Limit 

Empty 

55,000 

Basic 

63,000 

Combat 

100,000 

♦  3.0 

,  -1.0 

♦  2.U, 

-0.8 

Design 

135,000 

42.0 

,  0.0 

♦1.6, 

0.0 

Man  Take-Off 

163,000 

Max  In-Flight 

176, 8U5 

♦  2.0 

,  0.0 

♦1.6, 

0.0 

Max  Landing 

95,000  (recommended) 

2.2.2  F-105D  Aircraft  Information 

Tha  F-105D  aircraft,  illustrated  in  Figure  2,  is 
a  single-place,  air  refuelable,  supersonic,  fighter-bomber. 

It  is  capable  of  attaining  supersonic  speeds  at  any  operational 
altitude.  The  fuselage  is  an  area- rule-design  with  swept  back 
wings  and  empennage.  Bach  wing  incorporates  an  aileron  and  a 
spoiler.  Each  spoiler  is  made  up  of  five  sections  designed 
to  improve  roll  capabilities  at  high  speed.  The  wing  and 
fuaelage  skins  are  fabricated  of  70T5-T6  alclad  aluminum  alloy 
sheet.  Temperature  reduction  procedures  were  used,  where  high 
engine  temperatures  were  critical,  such  as,  cooling  air  and 
insulation  between  the  engine  and  structural  components. 


|  25% 

«  CHORD  LINE 


The  power  plant  la  a  Pratt  and  Whitney  J75-P-W  turbojet 
engine  equipped  vlth  an  afterburner  and  eater  Injection.  Rated 
•ea  level  static  thrust  of  the  uninstalled  engine  is  approximately 
16,100  pounds,  vlth  the  afterburner  2fe,500  pounds  and  vlth  the 
afterburner  plus  vater  injection  26,500  pounds. 

The  tricycle  landing  gear  has  a  steerable  nose  vheel  which 
can  be  engaged  or  disengaged  by  the  pilot  and  automatically 
disengages  after  take-off.  The  priaary  flight  controls  are 
hydraulically  actuated.  Leading  and  trailing  edge  flaps  *are 
provided  to  increase  lift,  while  a  four  section  speed  brake 
and  drag  chute  are  installed  at  the  aft  end  of  the  fuselage 
to  allow  increased  drag.  Stores  are  carried  In  a  fuselage 
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inclosed  bomb  bay,  thereby  keeping  the  aircraft  aerodynamlcally 
clean,  however,  a  variety  of  external  stores  increases  its 
capabilities  as  a  f igfcter-bombe r .  The  F-105D  is  an  8.6?"e" 
airplane  subsonlcally  and  7.33"g"  airplane  supersonically  w:  ;h 
no  external  stores  and  within  certain  weight  and  altitude 
limitations.  It  is  capable  of  velocities  up  to  Mach  2.1  at 
35 1 OPC  to  53,000  feet  altitudes  (Reference  8).  Table  2,  below, 
lists  the  design  weights  and  design  load  factors. 

Table  2 

Design  Weights  and  Load  Factors,  F-105D 

Loading  Pounds  Load  Factor 

Clean  without  bomb  bay  tank  35,200  8.67,  7*33,  -3. 

Clean  with  full  bomb  bay  tank  37,^00 

Pull  bosib  bay  tank,  2-l»50  gal  ext  tanks  Uk.hoo 

Pull  bomb  bay  tank,  2— W50  gal,  1-650 

gal  ext  tanks  b9,800 

2.3  Instrunentation 

2.3.1  B-58A  Aircraft  Instrunentation 

Plight  test  measurement  schedules  were  categorised 
as  follows  for  simplicity t 

1.  Temperature 

2.  Pressure 

3.  Position 

k.  Acceleration 
5.  Signals 


mv  - 


iu«  vTUiuvu  v«u  avu  W  mm  VAbtUliTO  1 Q  9»cn  or  VD*  tDOTt 


areas,  for  exaapla,  thara  vere  hoo  temperature  faces,  100 
praasura  gagas,  15  position  gagas,  75  aeealaratlon  gagas  and 
k2  signal  gagas,  bovever,  not  all  of  thasa  gagas  vara  act Ira 
during  any  single  flight.  The  taaperatura  gagas  vara  FeC 
(Iron  Const antan)  type  tbaraocouples .  Flight  data  vara  recorded 
on  airborne  Victor  Magnetic  tape  recording  equipment.  In  order 
to  conserve  tape  tracks,  signals  froa  up  to  16  thermocouples 
vere  commutated.  Due  to  the  slovly  varying  nature  of  the 
thermocouple  intelligence  signal,  rata  of  sampling  vas  once 
every  9  seconds.  The  data  vara  further  condensed  by  multiplex¬ 
ing  the  outputs  of  tvo  or  more  subearriar  oscillators  and  record 
ing  on  one  tape  track.  To  increase  data  reliability,  tvo  refer¬ 
ence  thermocouples  vere  sampled  by  each  commutator. 

The  tapes  vere  reduced  on  Victor  playback  units  and  the 
data  presented  versus  time  on  Sanborn  records.  The  Sanborn 
records  vere  manually  reduced  and  the  temperatures  tabulated. 

81nce  this  report  is  basically  concerned  vlth  thermal 
measurements,  only  the  locations  of  thermocouples  are  listed 
herein.  Also,  since  thermal  measurements  vere  not  critical, 
the  contractor  only  listed  the  results  of  a  sample  number  of 
gage*  and  a  sample  section  of  tvo  flights  in  their  report 


(Reference  l).  The  location  of  these  representative  taaperatura 
gages  is  shovn  in  Table  3  and  in  Figure  1  (References  2  and  3). 
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Table  3 


Temperature  Measurement  Schedule,  B-58A 


Left 

Hand 

.  Span 

Skin 

Oaae  Hr. 

Test  Item 

ViBJL 

8ta 

Sta 

Case 

T-99 

Wing  Outer  Skin  Upper  Surface 

198 

2*2 

.020 

T-102 

Vlng  Outer  Skin  Lower  Surface 

198 

1*2 

.020 

T-110 

Leading  Edge  Outer  8kln 

200. 

5 

115 

.020 

T-152 

Wing  Outer  Skin  Upper  8urface 

509 

131 

.040 

T-1T0 

Wing  Outer  Skin  Lover  Surface 

530 

158.5 

.040 

T-1T6 

Wing  Outer  Skin. Lover  Surface 

509 

131 

.040 

T-196 

Slevon  Inner  Flange  Lover  Surface 

5T5 

167.5 

.01 

T-197 

Heron  Inner  Flange  Lover  8urface 

5  **5 

146 

.01 

T-618 

Fuselage  Outer  Skin  Fuselage  Station 

3l*0 

135WL 

.057 

T-621 

Fuselage  Outer  Skin  Fuselage  Station 

385 

HOWL 

.057 

2.3.2  F-105D  Aircraft  Instrumentation 

F-105D  airplane,  S/H  $3-1155,  vas  instrumented  to 
record  accelerations,  shear,  bendiug,  torsion,  position,  rates, 
control  forces  and  temperatures  in  preparation  for  the  flight 
loads  survey.  The  data  vers  recorded  on  tvo  Consolidated 
Electrodynamics  Corporation  oscillographs,  one  Ampex  600  FM/FM 
magnetic  tape  system  and  a  photo  recorder.  A  RAC  1$  channel 
telemetering  unit  was  employed  to  transmit  pertinent  structural 
information.  Chromel-alumel  type  thermocouples  were  employed 
to  meaenre  temperatures.  Laboratory  tests  indicated  that  the 
temperature  measurements  were  accurate  vithlc  tl$°F. 
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Since  this  report  la  basically  concerned  with  thermal 
meaaurementa ,  only  the  locatlona  of  thermocouples  are  ^iven. 

Alao,  alnce  thermal  meaaurementa  were  not  critical,  the  contractor 
only  Hated  the  reaulta  of  a  aample  number  of  gages  in  hla  reports 
and  data  sheets.  The  location  of  these  representative  gagea  la 
shown  in  Table  7. 

To  measure  the  cpar  cap  temperatures,  thermocouplea  were 
installed  .08  Inches  below  the  surface  of  the  upper  and  lover 
spar  caps  respectively.  These  thermocouples  were  Installed  at 
wing  station  145,  fuselage  station  483*7. 

2.4  Description  of  Tests 

2.4.1  B-58A  Airplane  Tests 

The  temperature  loads  survey  tests  were  conducted 
by  the  Convalr  Division  of  General  Dynamics  Corporation.  Table  4 
below,  shows  the  flight  test  requirements  for  the  B-58A  structural 
temperature  survey  (Reference  4).  These  tests  were  designed  to 
provide  critical  stress  and  temperature  data. 

Table  4 

Test  Conditions,  B-58A 

Data  Run  Condition  Altitude  Mach  Hr. 

1 

2 

3 

4 

5 


Ground 

Ground 

T/0 

T/0 

Climb 
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Data  Sun 

Condition 

Mach  Hr. 

6 

Climb 

- 

- 

T 

Climb 

- 

- 

0 

W 

v  _ _ e 

o  nan 

JU  ,vuv 

2.0 

9 

Level 

36,000 

2.0 

10 

As  Required 

Low 

0.? 

11 

As  Required 

Low 

1.2 

12 

Level 

Maximum 

0.95 

13 

Accelerate 

Max/36,000 

0.95/2.0 

1U 

Decelerate 

36,000/— 

2.0/0.95 

15 

Max  Speed 

0/36,000 

0/2.0 

Teata 

vere  performed  in  both  "return 

component"  and 

"composite” 

configurations. 

Transient  maneuvers  vere  per- 

formed  to  2 

.l»"g"  which  was 

the  operational 

limit  for  this 

aircraft  (Section  2.2.1  and 

Table  1).  Significant  segments 

of  the  flight  test  profiles 

are  shown  in  Figures  3  and  9. 

teat  conditions  were  satisfactorily  completed  except  that  acme 
deflation*  from  the  planned  teat  profllea  were  necessary  due 
to  performance  limitations  of  the  JT9-1  engines  and  to  airframe 
restrictions  (Section  2.2.1).  Major  deviations  involved  design 
■peed  flights  vhlch  vere  performed  at  higher  altitudes  than 
planned  and  modified  flight  profiles  for  acceleration  and 
deceleration  maneuvers.  Znapection  of  Figured  3  and  9  lndlertes 
that' the  desired  Mach  numbers  vere  attained,  however,  the 


altitudes  vere  highc-  than  planned  (Table  U).  As  noted  above 
there  was  an  3C  percent  design  load  factor  restriction,  however, 
these  tests  ware  effective  in  providing  valid  *ata  vhich  vere 
useful  in  achieving  the  planned  objectives. 

2 .  k .  2  F-105D  Airplane  Tests 

The  F-105D  aircraft  temperature  loads  survey  was 
conducted  by  the  Republic  Aviation  Corporation  on  airplane  D-10, 
G/N58-II55.  Five  flight  conditions  vere  flovn  to  obtain  the 
most  critical  temperature  conditions  as  shown  in  Table  5  belov. 


Table  5 

Test  Conditions,  F-105D 


IliEhl 

Condition 

Altitude 

Load  Factor 

Mach  Mr. 

53 

Max 

Power  Accelerate  to 

kO.OOO 

2.0 

5k 

Max 

Pover  Accelerate  to 

3k, 500 

1-99 

233 

Max 

Power  Accelerate  to 

kO.OOO 

2.07 

2lF-k 

Max 

Design  Load  Factor 

1*1,1*00 

5.8 

2.10 

21F-5 

Max 

Design  Load  Factor 

28,000 

7.6 

1.56 

The  tvo  high  speed  symmetrical  pull-outs  (flights  21F-k 
and  21F-5 )  from  banking  turns  vere  performed  to  limit  load  factor 
at  kl.kOO  feet  and  28,000  feet  (Reference  9)»  Temperatures  at 
these  altitudes  and  at  the  time  of  the  tests  vere  -76°F  and 
-13°F  respectively.  The  first  temperature  vas  6°?  colder  than 

s 

the  standard  day  and  the  latter  temperature  (-13°F)  vas  27 °? 
warmer  than  the  standard  day  temperature. 
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The  symmetrical  pull-out  at  1+ 1 , U 0 0  feet  vas  performed 
subsequent  to  "heat  soaking"  the  aircraft  by  accelerating  to 
and  maintaining  a  Hach  number  of  2.09  to  2.10  for  ho  seconds. 
The  pull-out  vas  then  executed  at  Mach  2.08  to  1.85  during 
a  15  second  time  Interval  and  the  maximum  measured  load  factor 
vas  a  5.8"g"  at  a  gross  veight  of  32, 7k0  pounds.  This  gross 
velght  vas  U  percent  lover  than  the  design  gross  veight  of 
3k, 018  pounds  (Figures  18  and  19). 

The  symmetrical  pull-out  at  28,000  feet  vas  executed 
subsequent  tc  "heat  soaking"  the  structure  by  accelerating 
to  and  maintaining  Mach  numbers  2.09  to  2.10  for  kO  seconds 
and  then  maintaining  Mach  numbers  2.08  to  1.7k  for  85  seconds. 
The  maximum  load  factor  obtained  vas  7.6"g"  at  Mach  number  1.56 
and  a  gross  veight  of  31,600  pounds.  This  gross  veight  vas 
7  percent  less  than  design  (3k, 018}  pounds. 

2.5  Discussion  of  Data 

2.5.1  B-58A  Airplane  Test  Data 

The  bulk  of  the  temperature  data,  vhich  vas  used 
to  determine  vhether  any  unknovn  critical  temperature  problem 
existed,  is  not  included  vlthln  this  report  since  no  critical 
temperature  problems  vers  revealed. 

The  B-58A  temperature  data  shovn  herein  vere 
extracted  from  segments  of  tvo  flights:  numbers  37  and  U8. 
These  tvo  flight  profiles  are  shovn  in  Figures  3  and  9  respec¬ 
tively.  These  figures  indicate  that  the  planned  Mach  numbers 


lk 


were  reached  and  marginally  exceeded.  The  maximum  planned  Mach 
number  was  2.0  (Table  U ) ,  whereas,  the  maximum  recorded  Mach 
number  was  2.11  (Figure  9).  The  maximum  attained  altitude 

uae  U  inn  /V4e»f >«.  9  \  wU  4  4  e  4keW 

-  1  '*  -  o  — *  -  *  t  9  -*--«-•*  -  -  O*  ““**•*  w* 

planned  but  is  feasible  as  compared  to  the  test  plan  (Table  l). 
Figures  3  and  9  present  the  adiabatic  vail  temperatures  for 
flights  37  and  1*8  respectively.  -  These  adiabatic  wall  tempera¬ 
tures  Indicate  the  maximum  theoretically  possible  skin  and 
internal  structural  temperatures  due  to  aerodynamic  heating 
and.  as  a  function  of  time.  However,  during  flight  37  the 
maximum  adiabatic  wall  temperature  (215°F)  vac  exceeded  in 
the  outer  skin  leading  edge  at  wing  station  200.5  (Figure  7) 
and  on  the  outer  skin  at  fuselage  station  3b0  LH ,  135  WL  (Figure 
8).  These  recorded  temperatures  were  220°F  and  223°F  respec¬ 
tively.  Obviously,  the  differences  between  the  thooretlcal 
and  recorded  temperatures  were  not  significant,  since,  they 
are  within  the  range  of  possible  instrumentation  error.  The 
adiabatic  wall  temperature  profiles  (Figures  3  and  9)  were 
exceeded  intermittently  at  the  lover  temperatures,  however, 
this  is  not  considered  significant  since  the  values  were  low 
and  the  variation  not  excessive.  Oenerally,  the  adiabatic 
wall  temperature  profile  is  very  similar  to  the  recorded 
temperature  data  profile.  Where  there  are  significant  differ¬ 
ences  the  adiabatic  wall  temperature  profiles  are  usually 


conservative 


Representative  recorded  temperature  data  samples,  which 
raaultad  primarily  from  aerodynamic  heating,  are  preaented  '•  r. 
Figures  b  through  8  and  10  through  15 •  These  figures  indicate 
the  degree  of  correlation  between  measured  and  predicted  temp¬ 
eratures  and  are  shown  to  prowide  a  basis  for  verifying  pre¬ 
dicted  tenperatures  and  their  associated  nathenatlcal  procedures 
(Appendix  IX).  In  general,  the  temperature  data  In  these 
figures  show  that  differences  between  neasured  and  predicted 
values  are  within  the  range  of  uncertainty  Introduced  by  input 
and  instrumentation  errors.  The  aajor  sources  of  error  in 
the  input  data  for  the  predicted  values  are  in  the  thermal 
conductivity  of  the  hoaeyeoab  panel  and  in  the  free  streaa 
air  teaperatures .  Brrors  in  the  neasured  tenperatures  involve 
both  the  theraoeouple  installation,  recording  systea  and  the 
data  reduction  systea.  A  conservative  estlaate  of  the  confidence 
Halts  of  the  neasured  and  predicted  data  Is  tS0°  Fahrenheit. 

In  a  few  cases  there  is  a  difference  between  neasured  and 
predicted  values  beyond  that  attributed  to  lnstruaentation 
errors.  Por  these  Instances,  the  predicted  values  are 
conservative. 

The  temperature  date  in  Figures  b  through  8  are  typical 
of  temperature  histories  at  transient  conditions,  while  the 
data  in  Figures  10  through  15  show  the  effeots  of  a  sore 
sustained  or  steady-state  type  of  flight.  For  the  flight 
profile  segments  shown  in  Figures  3  (transient  condition)  and 
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9  (steady-state  condition),  the  Mach  numbers  and  altitudes 
varied  fro®  1.0  to  2.08;  1.9  to  2.11;  38,000  to  UU.300  feet; 
*♦2,700  to  bl»,000  feet  respectively.  Generally,  in  a  range 
where  the  Mach  numbers  were  similar  for  both  conditions 
(transient  and  steady-state),  the  temperatures  were  in  good 
agreement,  which  Indicates  that  Mach  number  and  not  flight 
condition  (transient  or  steady-state)  affects  temperature. 

Where  the  Mach  number  varied,  the  temperatures  varied  in 
direct  proportion,  which  is  indicated  by  the  following  basic 
formulae  for  stagnation  and  adiabatic  wall  temperatures. 

2. 5.1.1  Ttc  -  *,  U  ♦  Iji  «') 

2. 5. 1.2  T„  .I,(l.rJ^  M»> 

The  majority  of  the  recorded  data  as  shown  in  Figures 
k  through  6  and  10  through  1$  was  less  than  180°  Fahrenheit. 

The  highest  temperatures  (above  200#F)  were  recorded  at  the 
wing  leading  edge,  wing  station  200,  span  station  11$;  fuselage 
outer  skin  station  310LH,  135WL;  wing  station  $09,  span  station 
131;  and  elevon  wing  station  $*♦$,  span  station  lk6.  The  highest 
reoorded  temperature  was  223°F  at  fuselage  station  3*»0  LH, 

13$VL  which  is  8°F  higher  than  the  maximum  adiabatic  wall  temp¬ 
erature  for  this  flight  condition.  It  is  observed  that  tempera¬ 


tures  above  200* 


aft  portion  of  wing. 


id  on  the  wing  leading  edge  and 


Figure  16  portrays  fuselage  station  3b0  LH,  335  WL  temp¬ 
eratures  rersue  Mach  number.  These  data  are  plotted  here  because 
maximum  temperatures  (maximum  temperature  223°F)  vere  registered 
at  this  fuselage  station,  and  to  shov  that  temperature  is  a 
function  of  Mach  number.  The  circles  (O)  are  measured  data 
plots  during  flight  path  acceleration.  The  triangles  (A  ) 
are  data  plots  during  deceleration  from  the  peak  Mach  number 
(2.06).  The  deceleration  temperatures  for  any  given  Mach 
number  are  higher  (10°  to  fcO*F)  than  the  acceleration  tempera¬ 
tures.  This  Indicates  a  temperature  lag  in  the  fuselage  skin. 

The  diagonal  line  AB  is  dravn  through  the  maximum  accelerated 
flight  temperatures  to  shov  a  maximum  possible  temperature 
for  any  given  Mach  number.  The  equation  for  this  line  is: 

T  -  192. 5M  -  175 

This  equation  will  be  tested  as  more  data  becomes  available. 

Figure  IT  shovs  wing  leading  edge  station  200  temperatures 
versus  Mach  number.  These  data  are  plotted  because  maximum 
ving  temperatures  (maximum  temperature  220°F)  vere  registered 
at  this  ving  station,  and  to  further  indicate  that  temperature 
is  a  function  of  Mach  number.  The  circles  ( O )  are  measured 
data  plots  during  flight  path  acceleration.  The  triangles  (A ) 
are  data  plots  during  deceleration  from  peak  Mach  number  (2.06). 
The  deceleration  temperatures  for  any  given  Mach  number  are 
generally  higher  (5°-20*F)  than  the  acceleration  temperatures. 
This  Indicates  a  temperature  lag  in  the  ving  leading  edge 
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•kin.  but  a  leseev  deer**  than  in  the  fuselage  skis 
(Figure  *■£).  This  Is  attributed  to  the  thinner  skin  (.020H) 

In  the  wing  leading  edge  as  opposed  to  a  skin  thickness  of 
.057"  la  the  fuselage  akin.  The  data  in  Figure  17  show  nearly 
a  straight  line  relationship  fro*  Mach  1.0  to  2.0,  after  which, 
the  temperature  appears  to  build  up  nore  rapidly.  This  con¬ 
dition  will  be  checked  as  nore  data  becone  available.  The 
diagonal  line  CO  is  drawn  through  the  maximum  accelerated  flight 
temperatures  to  show  a  maximum  possible  temperature  for  any 
given  Mach  number.  The  equation  for  this  line  is: 

i'l  :  .  . 

T  ■  225M  -  250 

The  lines  AB  and  CD  in  Figures  16  and  17  show  considerable 
deviation  at  Mach  1.1  but  as  Mach  number  increases,  the 
deviation  decreases  until  it  appears  the  lines  would  intersect 
st  about  Mach  2.12,  thus  indicating  identical  temperatures  at 
this  velocity. 

Figures  16  and  17  show  data  from  flight  37  only.  The 
Mach  nmnber  range  for  flight  A8  was  not  sufficient  to  ahow 
any  algnlf leant  profiles. 

In  summary,  it  appears  that  the  recorded  temperature  data 
ware  reliable  and  correlated  quite  well  with  predicted  tempera¬ 
ture  values.  Although  all  design  conditions  could  uot  be  attained 
due  to  engine  performance  limitations  and  airframe  restrictions, 
it  is  reasonable  to  assume  that  the  temperature  data  will  also 
correlate  wall  at  design  conditions  which  were  now  flown.  Also, 
the  recorded  temperatures  were  not  excessive  for  the  aluminum 
alloy  wing  skin  (2A8-T86). 
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The  calculated  and  measured  nacelle  former  temperatures, 
which  are  shown  in  Table  6,  are  higher  than  the  temperatures 
shown  in  Figures  l»  through  8  and  10  through  15,  because  the 
nacelle  foraer  temperatures  resulted  primarily  from  engine 
heating.  These  temperatures  are  functions  of  speed,  altitude 
and  engine  power  setting.  The  calculated  temperatures  were 
computed  by  solwing  the  steady-state  heat  balance  equations 
for  two  representative  steady-state  conditions,  also  shown 
in  Table  6.  Condition  Z,  as  seen  in  Table  6  is  the  more 
critical  condition,  however,  the  predicted  and  measured  temp¬ 
eratures  are  in  good  agreement,  the  overall  average  difference 

\  • 

being  less  than  5 Also,  tht  predicted  values  are  conservative. 
In  conclusion,  the  steady-state  heat  balance  equations  (Appen¬ 
dix  ZZ)  served  very  well  for  predicting  engine  Induced  structural 
temperatures  at  Nach  2.0}. 

Condition  II  (Table  6),  where  the  Mach  number  is  only 
0.935,  shows  poor  and  intermittent  correlation  batween  the  pre¬ 
dicted  and  measured  temperature  data.  This  may  indicate  that 
the  steady-atate  equations  may  not  be  appropriate  for  lov 
Mach  numbers,  bowevtr,  this  lov  Mach  number  flight  condition 
does  mot  eonstltuts  a  temperaturs  problem,  therefore,  further 
discussion  is  unnecessary. 
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Table  6 


Predicted  ard  Mearurcd  Nacelle  Former 
Temperaturea ,  B-58A 


Condition  1 

Condition  ZZ 

Nacelle 

Station 

Flange  _ 

Predicted 

Meacured 

Predicted 

_  Measured 

125 

inner 

2*6°F 

23**F 

♦1*°F 

♦l*F 

125.  _ 

outer 

231°F 

21$°F 

♦  ?#F 

-7®F 

22T 

inner 

56T  °F 

512°F 

300°F 

287#F 

22T 

outer 

*120r 

Ul2*F 

136°F 

17J»°F 

2*lt 

inner 

550«F 

510°F 

288°F 

293°F 

• _ 

£ _ 

*08*F 

Ui°J. _ 

-  - 

Condition  Z  Condition  IZ 


Mach  lumber  2.0$  0.93$ 

* 

Preaaure  Altitude  *3,000'  30,000' 

Adiabatic  Vail  Temperature  213°?  -$°F 


2. 5.2  F-105D  Airplane  Teat  Data 

The  bulk  of  the  temperature  data,  vhlcb  vaa  uaad 
to  determine  the  existence  of  any  unknovn  critical  temperature 
condition,  ie  not  included  within  thia  report  aince  no  critical 
temperature  problema  were  revealed. 

Representative  temperature  data  are  ehovn  in  Table  T  with 
their  corresponding  design  temperatures  ( References  6  and  7) 
as  available.  The  design  limit  values,  where  available,  exceed 
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the  measured  values  by  a  rather  significant  margin.  Methods 
using  the  heat  balance  equations  for  calculating  design  temp¬ 
eratures  are  shown  in  Appendix  III  and  Reference  6. 


The  most  severe  temperature  condition  vac  in  flight  21F-U 
(Table  5)  where  the  Mach  number  was  2.10  and  the  altitude 
Itl'bOO  feet*  For  this  condition,  the  free  stream  total  temp¬ 
erature  Is  27b*F  and  the  corresponding  adiabatic  wall  tempera¬ 
ture  is  2b0*7.  Accordingly,  271»°F  is  the  maximum  theoretical 
temperature  for  ram  ventilated  compartments  and  2b0°F  is  the 
maximum  theoretical  temperature  for  aircraft  surface  elements 
which  are  subjected  to  aerodynamic  heating.  The  2b0°F  surface 
temperature  is  23*7  or  about  10  percent  higher  than  the  maximum 
recorded  surface  temperature  of  217*?  at  fuselage  station 
731*  (Table  7).  The  7-105D  airplane  was  designed  to  an  adia¬ 
batic  wall  temperature  of  2b0°7  and  a  stagnation  temperature 
of  250*7  (Reference  5).  These  latter  temperatures  vere 
based  on  flight  at  Mach  2.06  and  3b, 000  feet  altitude. 
Application  of  this  design  speed  and  altitude  to  the  basic 
formulae  for  calculating  adiabatic  wall  temperature  and 
stagnation  temperature  gives  235*7  and  269*7  respectively. 

The  contractor  (Reference  5)  did  not  assume  an  absolute  free 
stream  temperature  but  modified  it  by  assuming  a  0.3  Mach 
number  for  air  velocty  in  the  ducts.  This  was  to  conform  to 
the  230*7  free  stream  temperature  which  was  used  in  the  design 
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of  the  P-105B  airplane.  However,  thia  temperature  (250°7) 


Vaa  bas#ri  nn  o 


icet  tmtuae. 


It  la  apparent  from  Table  7  that  the  P-105D  meaaured  teapera- 
turea  were  significantly  leaa  than  the  design  temperatures, 
tba  two  predicted  temperature,  are  not  critical  for  aluminum 
at  the  moat  severe  flight  conditions  that  were  flown.  It  Is 
Observed  in  Table  7  that  the  last  three  temperatures,  which 
resulted  from  engine  heating,  are  significantly  higher  than 
the  proceeding  measured  temperatures,  however,  they  are  less 
than  design  temperatures. 


*■'  ■  ’tki 


Tahl*  7 


Flight  Taat  Tanperatura  Data,  F-1C5D 


Its* 


Fuaalaga 

Station 


Fraaa  lnnar  flange 
Drag  ohuta  floor 
Upper  L/H  fraaa 
Uppar  H/I  fraaa 
Lowar  R/H  fraaa 
Uppar  R/H  fraaa 
Lowar  R/H  fraaa 
Call  3D  Floor 

Fuaalaga  skin  lnnar  aurfaca 
Fraaa  lnnar  f langa ,  top 
Fraaa  lnnar  flanga,  aide 
Alrfraaa  angina  at.  lowar  L/H 
Alrfraaa  angina  at.  uppar  L/H 
Horlsontal  atabllator  baaa 
Bottom  sail  3D 


Landing  adga  flap  -  wing  ata 
Landing  adga  flap  -  wing  ata 
Landing  adga  flap  -  wing  ata 
Uppar  apar  aap  -  wing  ata 
Lowar  apar  oap  -  wing  ata 


Aotlva  fanwal  anas  tanp 
Bath  tub  air  tanp 
Cooling  air  tanp 


lnslda 

shroud 


73** 

710 

633 

633 

633 

635 

635 

575 
610 

576 
576 
501 
501 
666 
610 
1>*5 
11*5 
ll*5 
H*5 
11*5 
716 
716 
720 


Max.  Taap  °F 

Daalgn  Maaaurad  Fit.  Condition 


300 

217 

1*0,000' 

at 

Mach 

2.0 

870 

127 

1*0,000' 

at 

Mach 

2.0 

311 

lfcO 

3»*,500’ 

at 

Mach 

1.99 

115 

31* ,  500 ' 

at 

Mach 

1.99 

122 

3»*  1 500 ' 

at 

Mach 

1.99 

385 

175 

31*,  500' 

at 

Mach 

1.99 

305 

162 

3«*,500' 

at 

Mach 

1.99 

200 

111 

31*. 500' 

at 

Mach 

1.99 

22$ 

103 

3l*,50O' 

at 

Mach 

1.99 

270 

11*5 

3**, 500' 

at 

Mach 

1.99 

180 

31*.  500' 

at 

Mach 

1.99 

91 

31*. 500' 

at 

Mach 

1.99 

91 

31*. 500* 

at 

Maoh 

1.99 

120 

31*. 500' 

at 

Mach 

1.99 

75 

1*0,000' 

at 

Mach 

2.07 

195 

20,000' 

at 

Mach 

1.56 

201* 

28,000' 

at 

Mach 

1.7 

229* 

200 

1*1,1*00' 

at 

Mach 

2.08 

120 

1*1,1*00' 

at 

Mach 

2.08 

160 

1*1,1*00' 

at 

Mach 

2.00 

725 

1*30 

1*0,000' 

at 

Mach 

2.07 

1*10 

1*0,000' 

at 

Mach 

2.07 

370 

31*5 

1*0,000' 

at 

Maoh 

2.07 

•Fradlotad  tanparaturaa 


Figures  18  through  21  present  temperature  measurements 
from  two  maneuvers  as  discussed  in  Section  2.b,2.  Before 
these  maneuvers  vere  performed,  the  aircraft  vas  "heat  soaked" 
at  Mach  numbers  2.09  to  2.10  for  Uo  seconds.  The  vlng  temp¬ 
eratures  vere  all  taken  at  ving  station  lU5  on  the  upper  and 
lover  spar  cap  and  on  the  flap  leading  edge  inner  skin.  These 
figures  shov  progressively  Increased  temperatures  from  the 
upper  spar  cap  to  lover  spar  cap  to  flap  leading  edge  inner 
skin.  The  lover  temperatures  on  the  spar  caps  are  due  to  the 
gage  location  (Section  2.3*2)  and  also  the  large  mass  to  be 
heated. 

The  data  in  Figures  18  and  19  vere  measured  at  an  altitude 
of  Ul.fcOO  feet.  The  maximum  temperatures  measured  vere:  leading 
edge  flap  200°F,  top  forvard  spar  cap  120°F,  lover  forvard  spar 
cap  160°F.  The  predicted  temperature  on  the  leading  edge  flap 
for  this  condition  vas  calculated  to  be  229°F  after  adjustment 
for  the  cold  day  at  this  altitude.  At  this  time  and  altitude 
it  vas  6°F  colder  than  the  standard  day  temperature. 

The  data  in  Figures  20  and  21  vere  measured  at  an  altitude 
of  28,000  feet.  The  maximum  measured  temperatures  vere:  lead¬ 
ing  edge  flap  195®F,  top  forvard  spar  cap  120°F,  bottom  forvard 
spar  cap  lb0°F.  During  the  test  period  at  28,000  feet,  it  vas 
2T°F  varmer  thaa  a  standard  day.  The  predicted  leading  edge 
temperature  for  this  "hot  day"  condition  and  at  Mach  1.7  is 
201°  Fahrenheit. 
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The  measured  temperatures  for  these  two  design  flight 
conditions  were  lover  than  design  and  predicted  values  indicat¬ 
ing  that  no  aerodynamic  heating  temperature  problems  exist 
for  the  aluminum  shin  and  spar  caps  at  these  Kscli  numbers  and 
altitudes. 

The  measured  nose  boom  temperatures  shown  in  Figures  18 
and  19  were  compared  with  calculated  values  using  the  free 
stream  total  temperature  formula  and  the  "cold  day"  temperature: 

*to  “  To  (1  4  *2m2) 

There  was  good'  agreement  as  observed  in  Table  8.  These 
differences  range  from  1  1/2  to  1/2  percent  and  are  within 
instrumentation  Inaccuracies.  Also,  these  measured  tempore- 
tures  indicate  a  slight  lag  in  the  temperature  gages. 


Table  8 

Free  Stream  Total  Temperature,  Flight  21F-*,  F-105D 


Mach 

lumber 

Calculated 

°F 

A 

Measured 

•F 

*•: 

2.08 

256 

3 

2*5 

0 

2.07 

253 

* 

2*5 

5 

2.06 

2*9 

2k 

2*0 

10 

1.98 

225 

15 

230 

12 

1.93 

210 

15 

218 

20 

1 . 68 

195 

8 

198 

8 

1.85 

187 

190 
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The  measured  nose  boon  temperatures  shown  in  Figures  20 
and  21  were  coopered  with  calculated  values  using  the  free 
stream  total  L««j»er»ture  formula  and  the  "not  day  temperature • 

I 

Agreement  vis  not  as  good  as  noted  In  Table  8  above.  It  would 
appear  froa  the  above  figures  and  Table  9,  below,  that  the 
first  measured  teaperature  (230°F)  was  In  error  and  that  there 
was  a  temperature  lag  down  to  the  Mach  1.59  condition  and 
following  that,  the  drop  was  excessive.  This  could  be  due 
to  temperature  gage  inaccuracies.  The  free  stream  total  temp¬ 
erature  formula  appears  to  be  reasonable. 


Table  9 


Free 

8treaa  Total 

Temperatures , 

Flight  21F-5, 

F-105D 

Naoh 

lumber 

Calculated 

•r 

A  °F 

Measured 

°F 

A  ®F 

1.76 

26k 

-6 

230 

♦  10 

1.1k 

258 

-6 

2k0 

-3 

1.72 

252 

-6 

237 

-5 

1.7 

2U6 

-18 

232 

-7 

1.6* 

228 

-15 

229 

-13 

1.59 

213 

-ll» 

212 

-20 

1.5«* 

199 

-13 

192 

-9 

1.W9 

186 

-3 

183 

-3 

i.ue 

183 

-13 

180 

-22 

l.k3 

170 

-8 

158 

-18 

l.k 

162 

-12 

140 

-9 

1.35 

150 

131 
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u: 


00  tbs  F-105D  aircraft  wort  significantly  loos  than  design  sod 
prodletod  values  sod  wort  not  critical  for  alualnua  alloy  skin 
and  spar  caps.  Also,  doss  boOa  aoasurod  tsaporaturss  generally 
agree  with  calculated  values. 


8ICTI0I  III 
C0BCMJ8I0B8 

1.  Measured  temperatures  v«r«  |«Dtrtllr  ltti  than  design  or 
predicted.  Some  exceedances  did  ooour,  hovever,  thay  vara 
not  excessive  and  no  temperature  problems  vara  revealed  by 
tbasa  taats. 

2.  The  adiabatic  vail  temperature  profile  generally  and 
conservatively  daflnaa  tha  measured  temperature  profile. 

3.  81ne  B-58  aircraft  measured  temperatures  v ere  in  agreement 
vitb  predicted  temperatures,  temperature  prediction  techniques 
vere  considered  satisfactory  up  to  the  maximum  recorded  Mach 
number  (2.11). 

h.  Where  similar  Mach  numbers  existed,  the  B-58A  aircraft 
measured  temperatures  from  transient  and  steady-state  conditions 
vere  in  good  agreement. 

3.  Bteady-stote  heat  balance  equations  served  very  veil  in 
predicting  B-9&A  aircraft  engine  induced  structural  temperatures 
at  Mach  2.03. 

6.  The  highest  measured  temperature,  resulting  from  aerodynamic 
heating,  on  the  B-58A  aircraft  vas  223 at  fuselage  station 
3b0LH,  133  VI. 

7.  The  highest  measured  temperature  from  aerodynamic  heating 
on  the  F-103D  aircraft  vas  217*?  at  fuselage  station  73b.  This 
sbovs  good  agreement  vlth  the  B-58A  aircraft's  maximum  measured 
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temperature  (223°F).  Their  respective  Mach  numbers  and  alti¬ 
tudes  were  relatively  close  (r'iguve  3  ana  ieble  7 )  • 

8.  F-105D  design  temperatures  were  considerably  higher  than 
the  measured  temperatures • 

9.  Hose  boom  measured  atmospheric  temperatures  were  in  fair 
agreement  with  calculated  values  using  the  free  stream  total 
temperature  formula. 

10.  Measured  atmospheric  temperatures  at  altitude  are  not  always 
in  conformity  with  standard  day  temperatures . 
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APFEHDIX  I 
flight  Profile 

Appendix  I  conflate  of  flight  profilaa  of  Mach  nuaber, 
altitude,  adiabatic  wall  teaperature,'  aeasured  and  predicted 
fuselage,  wing,  tall  and  not*  boon  teaparaturea . 


vi’t  “  .. 
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Figure  3.  Flight  Nr.  37  Profile,  B-58A 


Figure  U.  Wing  Station  198  Upper  Surface  Outer  Skin  Temperature.  Flight 


¥}  t 


Stations  509,  530  Lower  Surface  Outer  Skin  Teaper&ture,  Flight  37,  B-58A 


200 


Wing  Station  200  Leading  Edge  Temperature,  Flight  37,  B-58A 


Figure  8.  Fuselage  Stations  3*>0»  385  Skin  Temperature,  Flight  37,  B-5&A 


TIME -MINUTES 

Figure  10.  Wing  Station  198  Upper  Surface  Outer  Skin  Teaperature,  Flight  *»8,  B-58A 


ire  12.  Wing  Station  509  Upper  Surface  Outer  Skin  Temperature,  Plight 


TIME  ~  MINUTES 


Figure  16.  Much  lumber  Temperature  Profile,  Fuselage  Station '  3fe0 ,  Flight 


Pigure  IT.  Mach  laaber  Tenperatare  Profile 


Upper  Spat  Cap 
Lowe r  Spar  Cap 


Tempera*  ure  Time  Profile,  Wing  and  Nose  Boon,  Flight  21?-!*,  F-10^ 


2k0 
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Figure  19-  Temperature  Ma  ;h  Number  Profile 


Upper  3par  Cap 


Figure  20.  Temperature  Time  Profile,  Wing  and  Hose  Boom,  Flight  21F-5,  F-105I) 
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APVR'NDIX  II 


B-58A  Aircraft  Temperature  Prediction  Procedure 

Temperature*  were  predicted  using  an  IBM  70 l  digital 
computer  programmed  to  solve  the  one  dimensional  composite 
vail  problem  with  transient  boundary  conditions.  The  major 
input  items  to  the  computer  v ere:  (1)  thickness  and  thermo- 
physical  properties  of  the  various  elements  of  the  composite 
wall;  (2)  flight  profile  data,  i.e.  free  stream  pressurei 
velocity  and  temperature;  (3)  local  pressure  and  velocity 
ratio;  ( h )  time  interval  covered  by  the  portion  of  the  flight 
to  be  analyzed;  and  (5)  time  interval  for  vhlch  the  finite 
difference  computations  are  to  be  made. 

The  thermophysical  properties  of  the  honeycomb  core  vere 
determined  in  the  contractor  test  laboratories  snd  reported 
in  the  contractors  report  CVAC  FT6-1356.  The  flight  profile 
data  vere  fed  into  the  computer  from  an  auxiliary  program 
vhlch  prepared  the  flight  profile  tape  by  curve  fitting  the 
ambient  pressure,  temperature  and  Mach  number  data  and  pro¬ 
viding  as  output  data  the  pressure,  temperature  and  velocity 
at  small  tis«  .  Matsu  number  and  free  stream  pressure 

vere  obtained  from  indicated  air  speed  and  pressure  altitude. 
Data  from  several  radiosonde  veather  observation  stations 
vlthln  ths  flight  corridor  vere  analyzed  to  obtain  the  best 
geographical  and  chronological  values  of  free  stream  air 
temperature. 
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The  local  beat  ircj.sier  coefficient  was  computed  within 
the  main  program  using  z  modified  flat  equation,  as  shown 

i  r  w  a  nr  t p  ^  1j  —  ? r-  f  #  1 1  o  «■ «  a •  « y » 4-  +  u  a  <>«  »  e  1  c  r  A  *  ®*  **  **  a  ~  ~ 

NACA  TN  3513  ftnd  NACA  TN  3986  were  used  to  compute  leading 
edge  heat  transfer  and  to  account  for  the  effects  of  yaw. 

The  local  pressure  and  velocity  ratios  were  computed  from 
data  taken  from  wind  tunnel  model  teats  at  various  Mach  numbers 
and  angles  of  attack. 

The  results  of  these  computer  programs  are  presented  as 
temperature  prediction  curves  in  Figures  U  through  8  and  10 
through  15. 
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APPENDIX  III 

Heat  Ealance  Equations,  F-105B 

Where  airplane  skins  and  structures  are  ad.lacent  to  engine 
compartments,  these  elements  are  heated  on  their  inner  surface 
by  the  engine  and  become  hotter  than  the  adiabatic  wall  temp¬ 
erature.  Similarly,  structure  located  between  the  engine  and 
the  airplane  skin  will  attain  temperatures  that  must  be  higher 
than  skin  temperatures.  To  reduce  structural  components  temp¬ 
erature  to  allowable  temperature  limits,  insulation  and  cooling 
air  are  utilized. 

To  determine  the  temperature  of  the  airframe  from  engine 
induced  heat,  heat  balance  equations  are  used  (Reference  6). 

One  6 ample  will  be  given  herein,  for  computing  the  temp¬ 
erature  on  the  fuel  cell  floor  at  fuselage  station  553  to  581 
(Figure  A-l).  The  fuel  cell  floor  is  insulated  and  air  cooled 
to  prevent  excessive  fuel  cell  temperatures  when  empty.  The 
heat  balance  on  this  section  consists  of  the  following  equations: 
(t3)  is  the  temperature  on  fuel  cell  floor. 

1.  Qj  +  Q3  ♦  q5  »  M«a*  valance  on  airplane  skin 

2.  Q7  -  Qs  ♦  Q9  heat  balance  on  lower  surface  of 

fuel  cell  support  insulation 

3.  Q2  ♦  m  heat  balance  on  engine  cooling  air 

b.  Q9  •«  Q j  o  ♦  Q,j  heat  balance  on  upper  surface  of  fuel 

cell  support  insulation 
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heat  balance  on  fuel  cell  floor 


S  .  0  .  «  «  Q  .  , 

•  i u  'ii 

6.  Q  ♦  Q ,  5 

ll  12 


«13 


heat  balance  on  tank 


cooling  air 


Qj  *  radiation  from  engine  to  skin 
Q2  *  convection  from  engine  to  air 
Qj  ■  convaction  from  air  to  akin 

*  convection  from  akin  to  boundary  layer 
Qs  ■  total  radiation  to  akin 

Q6  r  beat  gained  by  engine  cooling  air 
Q 7  *  radiation  from  engine  to  fuel  cell  floor  support 

insulation 

Qe  ■  convection  from  fuel  cell  floor  support  insulation 
to  engine  cooling  air 
■  conduction  through  insulation 
Q10  •  radiation  from  fuel  cell  floor  support  insulation 
to  fuel  cell  floor 

Q|j  ■  convection  from  fuel  cell  floor  support  insulation 
to  tank  cooling  air 

Q j  2  ■  convection  from  fuel  cell  floor  to  tank  cooling  air 

•  Lie  at  gained  i#/  tank  cooling  air 

(*2  •  PE  FA  h  A(t#-tg) 

Ae  -  3/U  X  ?»■  X-J *11*1=2221  -  16.5  ft.  * 

*  ikk 

Ab  «  28.8  ft.2 
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■  488  ;  FA  *=  1 


FE  -  1/.6  ♦~S71(l/'.6  -1  )  « 

FO 

te  -  T35°F  h  -  6.2 

Qj  «  .1*68  X  6.2  X  16.5  (735-t0) 

“  ^9.9  ( 735-t„ ) 

Q2  *  hAe(te  -  iiii_±_2i£.)  h  »  1.5 
Ae  »  |  X  16.5  -  22.0  ft.2 

Q,  -  1.5  X  22.0  (735  -  JUk_±_2il) 

2 

■  33(735  -  ^ ft1*  ♦  2*0 
2 

«i  -  h*.  (isi-pso  .  t.) 

-  1.5  X  26.8  ( *  g6°  -  t.) 

2 

«  U3.2  (£»JL±-2&2.  _  t8) 

Qi,  *  hAa  (t,  -  tBL)  h  -  31 

Q4  ■  31  X  20.8  (t8  -  2k5) 

-  893  (t,  -  215) 

Qs  •  h  A,t,  h  -  0.76 

•  .76  X  28.8  X  2 1*8 

-  5l*30 
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Q6  =  778  (tpil  -  260) 

Q7  =  FE  FA  h  Ae  ( te  -  t ,  ) 

Ae  =  1/5  X  22.0  =  1.1 

A.  «=  ^6, fr  28  =  10.9  ft2 

1  111 

1 

fe  =  rrtr  .  1  nrri  77  e  -517,  fa  =  1,  u  «=  10 
“  +  109  {.6  '  ' 

Q7  *  .517  x  10  X  1. 1  (  735  -tj  ) 

*  22.8  (735  -  t!  ) 

«.  •  »*,  u,  -  **>  l1**) 

■  1.5  X  10.9  (t,  -  tfl*  * 

-  16.1  (t  - 

2 

Q9  -  K  A  (tj  -  t2)  K  -  .17/. 55  A  -  10.9  ft.2 


Qg  ■  X  10.9  (tj  -  t2) 
•  55 

-  9.3  (t,  -  t2) 
ft j 0  -  FE  FA  h  A  (tz  -  t3) 
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.  42  8  X  3.2  X  10.9  (t2 


0 


-  t  3  ) 


J  y  •  V  K  L  7  -  T,  .  / 


Q  1  1  ”  h  A  ( t  2  " 


4.  _  /-*  J.  O  C  (3 

— : — *■ 


)  A  =  10.9  ft.2,  h  •  '^.u 


hi 


Flow  area  *  0,9?  ft*2 

/ 

G  a  -  ■  -s-^-  *■  .163  It . /sec .  ft.2 
A  .92 

«  2.0  X  10.9  (t,  -  -Cg  t  2^~) 


tc2  +  250, 
2.0  X  10.9  (t  -  - - - ) 


Ql2  -  h  A  (t. 


t«.2  + 


Jl°) 


2.0  X  10.9  (t  -  tc2  ♦  250 \ 
3  2 


Q13  -  W  Cp  (tc2  -  250) 

«  .15  X  3600  X  .24  (tc2  -  250) 


130  ( tc2  -  250) 


The  above  solutions  provided  the  necessrry  information  for 
solution  of  basic  heat  balance  equations  1  through  6* 

This  yielded  the  desired  temperature  on  the  ft'el  cell  floor  (t0)  as 
noted  in  Figure  A-l. 
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LIST  OP  SYMBOLS 


heat  flow  -  BTU/hr. 

thermal  conductance  -  BTU/hi . -f t . 2-° F 

eniasirlty  factor 

configuration  factor 

theraal  conductivity  -  ft^U-ft » 

hr .-ft  -®F 

inlet  area.  In.2 

average  engine  temperature 

engine  surface  area 

skin  surface  area 

heat  capacity  -  BTU 

lb.-°F 

temperature  on  fuel  cell  floor 
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